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ABSTRACT

BACKGROUND: The Legg—Calvé—Perthes disease is a multifactorial disease with a noninflammatory and avascular process
of necrotic lesion development. In some cases, children may have a more aggressive disease with signs of osteoarthritis.
This variant of the Legg—Calvé—Perthes disease is characterized by active inflammation of the bone tissue and arthritis, often
leading to severe deformity of the femoral head and early coxarthrosis. The problem of treating osteoarthritis in children
with the Legg—Calvé—Perthe disease is still unaddressed because of the low effectiveness of nonsteroidal anti-inflammatory
drugs (NSAIDs). Osteoclast inhibition therapy with bisphosphonates in adults with idiopathic aseptic necrosis of the femoral
head has been pathogenetically accepted. However, the use of hisphosphonates in children with the Legg—Calvé—Perthe dis-
ease and osteoarthritis has not been evaluated.

AIM: This study aimed to evaluate the efficacy and safety of bisphosphonates in children with the Legg—Calvé—Perthes disease
who presented with signs of osteoarthritis.

MATERIALS AND METHODS: The study used data on the treatment of 14 children (mean age, 7.5 + 2.4 years, 71.4% girls)
with the Legg—Calvé—Perthe disease at the impression fracture stage and active hip osteoarthritis. All children had torpid
arthritis refractory to NSAID therapy, which was present for at least 3 months. Treatment included ibandronic acid 1.0 mg
and 1.5 mg per infusion every 3 months in children aged <7 and >7 years, respectively. Five consecutive infusions were per-
formed. Treatment outcomes were assessed at 6, 12, and 18 months based on the combined clinical, imaging, and laboratory
changes. A modified SCORING OF HIP MRI FOR JIA score was used to assess osteoarthritis activity.

RESULTS: All children experienced diminished hip pain after the first infusion of ibandronic acid. During bisphosphonate therapy,
the inactive phase of osteoarthritis was achieved in 78.5% (11) of the children after three consecutive infusions and 21.5% (3) af-
ter four infusions. Post-infusion reactions were reported in 85.7% (12) of the children during the initial phase of bisphosphonate
therapy and were transient. The serum erythrocyte sedimentation rate, C-reactive protein, interleukin-6, and tumor necrosis
factor-alpha levels were within the reference ranges in children with osteoarthritis. Only 28.5% (4) of the patients were found
to have 25(0H) vitamin D deficiency upon osteoarthritis diagnosis.

CONCLUSIONS: The use of bisphosphonates in children with the Legg—Calvé—Perthes disease and osteoarthritis can be an in-
novative pathogenetic treatment option. The data suggest the potential use of bisphosphonates in children with the Legg—
Calvé—Perthes disease. Further follow-up of children in the study group is needed to assess long-term outcomes.

Keywords: aseptic necrosis of the femoral head; Legg—Calvé—Perthes disease; synovitis; osteoarthritis; bisphosphonates.

To cite this article

Kozhevnikov AN, Barsukov DB, Bortulev PI, Braylov SA. Potential use of bisphosphonates in children with Legg—Calvé—Perthes disease with signs
of osteoarthritis. Interim results from a single-center study. Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. 2024;12(4):463-472.
DOI: https://doi.org/10.17816/PTORS636471

Received: 25.09.2024 Accepted: 24.10.2024 Published online: 12.12.2024
V-2
ECOeVECTOR The article can be used under the CC BY-NC-ND 40 license

© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/PTORS636471
https://doi.org/10.17816/PTORS636471
https://crossmark.crossref.org/dialog/?doi=10.17816/PTORS636471&domain=PDF&date_stamp=2024-12-15

464

HOBBIE TEXHOJIOT AW OpToneays, TpaBmaTonora
B TRPAMATOJIONMA 1A OPTOME NN Tom 12 Ne 4, 2024 VI BOCCTAHOBUTESTbHEA XVPYPIUA AETCKOMO BO3pacTa

YK 616.718.41-018.3-002.4-053.2-085
DOI: https://doi.org/10.17816/PTORS636471

HayuHas ctatba

MepcnekTuBbl NnpuMeHeHus Tepanum 6ucdochoHaTtaMm y aeten
c 6onesnbio Jlerra — Kanbse - lepreca, npotekaiowweit

C npu3HaKaMu ocTeoapTpurta. [peaBapuTenbHble pe3ynbTathl
MOHOLIEHTPOBOIro uccyieaosaHusa
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2 CaHKT-MeTepbyprckuii rocyapcTBeHHbIN NeaMaTprHeckuii MeauLUMHCKUA yHusepcutet, CankT-Metep6ypr, Poccusa

AHHOTALMA

06ocHoeaHue. bonesub Jlerra — Kanbee — lNepTteca — MynbTudakTopHOe 3abonieBaHue, NpY KOTOPOM MexaHu3M hopMUpoBa-
HWSA 04ara HEKPO3a HOCUT HEBOCTAMIMTENbHbIN aBaCKYNAPHbINA XapaKTep. B HekoTopbIx cnyyasx 3aboneBaHue y feTelt NpoTeKa-
et bosee arpeccuBHO € NPU3HaKaMM 0CTeoapTpuTa. TaKoii BapuaHT TeueHus boneshu Jlerra — KanbBe — epteca nposensetcs
aKTUBHbBIM BOCMaNeHUeM KOCTHOM TKaHW M apTpMTOM, YTO YacTo MPMBOAMT K BbipaxeHHoi fedopMaummn ronosku benpeHHon
KOCTW W pa3BUTUIO paHHero KOKcapTpo3a. B HacTosiwee Bpems npobrnema fieueHus octeoaptputa y aetei ¢ bonesHbto Jler-
ra — Kanbse — lepreca He pelleHa B CBA3W C HU3KOW 3(EKTUBHOCTBIO HECTEPOMAHBIX NPOTMBOBOCMANMTENBHBIX CPEACTB.
Tepanus nofaBneHns aKTMBHOCTU OCTEOK/IACTOB NpU NOMOLLYM brucdocdoHaToB y B3pOCTbIX € MAMONATUYECKUM aceNTUYECKUM
HEKPO30M rofoBKY BepeHHOM KOCTM NpuU3HaHa natoreHeTUdecku obocHoBaHHOW. Mcnonb3oBaHne bucocdoHatoB y aeTen
¢ bonesHbio Jlerra — Kanbse — lepreca, conpoBoKatoLLeiics Npu3HaKaMu 0CTE0APTPUTA, HE U3YYEHO.

Llenne — oueHuTb 3 deKTUBHOCTL M HesonacHOCTb NpuMeHeHns bucochoHatos y fetei ¢ bonesHbto Jlerra — Kanbse — MNep-
Teca, MPOTeKaloLLelt C NpU3HaKaMu 0CTeoapTpuTa.

Mamepuaner u Memodel. OCHOBY MCCNeLOBaHWA COCTaBWIM [aHHble feveHus 14 faeTeit (cpegHMin Bo3pacT peteidl —
75+ 2,4 ropa, 71,4 % neBoyky) c bonesHblo Jlerra — Kanbse — Mepreca (Ha cTagum UMNpECCUOHHOMO MepenoMa) U aKTUB-
HbIM OCTe0apTpUTOM Ta3obeapeHHoro cyctaBa. Bce AeTw umenu apTpwt, TOPNMOHBIA K Tepanuu HECTEPOMAHBIMU MPOTUBO-
BOCMaNUTENBHBIMU CPEACTBaMU, ASIMTENBHOCTLIO HE MeHee 3 Mec. B neueHuu ncnonb3oBanu WbaHAPOHOBYIO KUC/OTY B A03€
1,0 Mr Ha uHdy3uo fetam o 7 net, B go3e 1,5 Mr fetaM crapwe 7-neTHero Bo3pacta C KpaTHOCTbH) BBEAEHUS Ka[ble
3 Mec. ViccnenoBakne BKKOYaNo NATb NocnefoBaTeNbHbIX MHOY3WIA. Pe3ynbTatel neyenus oueHuBanu yepes 6, 12, 18 mec.
Ha 0CHOBaHWUW COBOKYMHOW AMHAMMUKW KIIMHUYECKUX, MHCTPYMEHTabHbIX 1 1abopaTopHbIX AaHHbIX. [ns onpefenexns crene-
HW aKTMBHOCTW 0CTeoapTpuTa Obina npuMeHeHa MoanduumupoBaHHas wkana SCORING OF HIP MRI FOR JIA.

Pesynemamel. Y Bcex feteid boneBon cMHAPOM Ta300edpeHHOr0 CycTaBa YMEHLLUWCA YKe nocne nepeoi MHbY3uu
nbaHApOoHOBOW KucnoTbl. HeakTuBHas ctagmsi ocTeoapTputa Ha QoHe ucnonb3oBaHus bucdhocdoHatoB bbina JOCTUrHYTa
y 78,5 % (11) peteit nocne Tpex nociegoBatenibHbIX MHGY3uR, y 21,5 % (3) — nocne YeTbipex BBefLeHUiA npenaparta. MocT-
MHY3MOHHbIE peakuum oTMeyeHbl y 85,7 % (12) netelt Ha HavanbHOM 3Tane neyeHust BruchochoHaTaMm U HOCUAM KpaTKo-
BpPEMeHHbIA xapakTep. [Nokasatenu ckopocT ocefaHust 3puTpoumToB, C-peakTuBHOrO Genika, MHTepnenKuHa-6 u daktopa
HeKpo3a onyxonu anbda B CbIBOPOTKE KPOBW Y AeTel C 0CTE0ApTPUTOM HE BBLIXOAMNW 33 paMKM pedhepeHCHbIX 3HaYEHUH.
HepoctatouHoctb 25-0H ButamuHa D BhisiBneHa iuwb y 28,5 % (4) naumeHToB Ha MOMEHT AMArHOCTUKM OCTe0apTPUTA.
3axnoqenue. MNpumeHenue bucdochoHatos y feteit ¢ bonesHbto Jlerra — Kanbse — [lepTeca, npotekatoLueii ¢ ocTeoapTpu-
TOM, MOJKHO paccMaTpuBaTb KaK MHHOBALWMOHHBIA NaToreHeTMYeCKU 060CHOBAHHLIN MeTOf JiedeHus. [onydeHHble LaHHble
YKa3bIBaKT Ha NepCNeKTUBHOCTL UCNOJb30BaHUs brucochoHaToB y netei ¢ bonesHoto Jlerra — Kanbse — Nepreca. Tpebytotca
AanbHeiiwue HabnloaeHUs U3yyaeMon rpynnbl LeTer ANs OLEHKYW OTAANEHHBIX Pe3yNbTaToB.

KnioueBble cnoBa: acenTuyeckuii HEKpO3 rofloBKM GeApeHHoit KocTy; bonesHb Jlerra — KanbBe — lMepteca; cuHoBUT; ocTeo-
apTpuT; buchocdoHarbl.
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NEW TECHNOLOGIES
IN TRAUMA AND ORTHOPEDIC SURGERY

BACKGROUND

The Legg-Calvé-Perthes disease (LCPD) is one
of the most common and severe musculoskeletal dis-
orders in children, which often leads to coxarthrosis
and loss of joint function. Its underlying mechanisms in-
volve the formation of an avascular osteonecrosis lo-
cus, which is still unclear [1]. LCPD progresses through
distinct stages, beginning with femoral head necrosis,
advancing to the stage of compression fracture, and cul-
minating in new bone tissue formation [2]. The prognosis
is more favorable with timely and comprehensive treat-
ment [3]. However, in some cases, even with appropriate
therapy, the disease manifests more aggressively, charac-
terized by osteoarthritis symptoms. This variant is marked
by chronic bone inflammation and hip joint arthritis (sy-
novitis) during the formation and peak of the osteone-
crotic lesion [4]. The use of nonsteroidal anti-inflammatory
drugs (NSAIDs) typically does not alter the disease course
or prevent femoral head deformation [5]. Dissatisfaction
with traditional treatment outcomes has driven the search
for novel therapeutic models to address the progression
of osteoarthritis in children with LCPD.

LCPD is the most common form of aseptic ne-
crosis of the femoral head (ANFH) in children [6].
The prevalence of ANFH ranges from 0.4 to 29 per
100,000 children across different ethnic groups. Boys
are more frequently affected, with unilateral involve-
ment in 85%-90% of the cases [7]. Transient synovitis
is a common feature during the initial stage of osteo-
necrosis formation in LCPD. However, in some cases,
synovitis progresses to chronic arthritis with bone in-
flammation, its causes remain unknown [8]. A potential
mechanism underlying the chronic inflammatory process
in the hip joint is uncontrolled osteoclast hyperactivity
within the necrotic lesion, accompanied by the hyper-
production of proinflammatory cytokines [9]. This disease
variant should be regarded as osteoarthritis, for which
no therapy has been established yet. Prolonged NSAID
use often fails to achieve the desired effect, leading
to extended disease progression [10]. Immunosuppressive
therapy is not justified because the features of osteo-
arthritis do not meet the diagnostic criteria for juvenile
idiopathic arthritis (JIA) [11]. Chronic osteoarthritis may
exacerbate the necrotic lesion, result in severe femoral
head deformation, and hinder timely surgical treatment
because of ongoing inflammation [12]. Numerous stud-
ies have demonstrated that bisphosphonate (BP) therapy
in adults with idiopathic ANFH reduces inflammation, pre-
vents further femoral head deformation, alleviates pain,
and improves hip joint function [13]. However, no clinical
studies have evaluated BP therapy in children with LCPD
in both the domestic and international settings [14].

Vol 12 (4) 2024
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This study aimed to evaluate the efficacy and safety of BP
therapy in children with LCPD presenting with osteoarthritis
symptoms.

MATERIALS AND METHODS

The study included 14 children (71.4% girls) with Legg—
Calvé—Perthes disease presenting with signs of osteoarthritis.
These patients were treated at the H. Turner National Medical
Research Center for Children’s Orthopedics and Trauma
Surgery between 2022 and 2024. At enrollment, all children
were diagnosed with LCPD in the stage of compression
fracture, characterized by magnetic resonance imaging (MRI)
findings of trabecular bone edema and “active” chronic
synovitis (Fig. 1). All patients had arthritis refractory
to NSAID therapy for at least 3 months. The treatment
protocol consisted of five consecutive infusions of the BP
ibandronic acid. Dosage varied by age: 1.0 and 1.5 mg per
infusion for children aged <7 and >7 years, respectively.
The infusions were administered at 3-month intervals.
BP therapy was integrated into a comprehensive
rehabilitation plan that included therapeutic exercises, anti-
inflammatory physiotherapy, and adherence to an orthopedic
regimen, excluding axial loading on the affected limb.
Therapy effectiveness and tolerance were evaluated through
dynamic monitoring at 3, 6, 9, 12, and 18 months after
treatment initiation. Clinical evaluation included physical
examination of the patient, assessment of hip joint range-
of-motion limitations, pain severity using the visual analog
scale and Ritchie articular index, along with their changes
over time [15].

Bone
tissue

> o

_Synovitis

Fig. 1. Magnetic resonance imaging: stage Il osteochondropathy
of the left femoral head with signs of osteoarthritis. The short-
tau inversion recovery mode revealed an extensive destruction
zone in the femoral head, reactive trabecular edema in the head
and neck, and signs of chronic synovitis
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Laboratory and instrumental diagnostic methods com-
prised the second component of the study protocol. X-ray
imaging of the hip joints was performed in the anteropos-
terior and Lauenstein projections before treatment initiation
and at 3, 6, 12, and 18 months of BP therapy. These radio-
graphs determined the disease stage (classified by Reinberg)
and assessed the femoral head morphology. The shape
of the femoral head was evaluated using the ratio of its mini-
mum to maximum radii, which was measured with a Mose
template consisting of concentric circles spaced 2 mm
apart. The template was aligned on an anteroposterior ra-
diograph so that the smallest circle encompassed the contour
of the femoral head. A ratio of >0.95 indicated a spherical
cartilage model, 0.95-0.86 corresponded to grade | deforma-
tion, 0.85-0.76 to grade II, and <0.75 to grade Il In addition,
MRI was conducted every 3 months to evaluate osteoarthritis
activity, calculate the necrotic lesion volume in the epiphysis,
and assess the reactive bone marrow edema. Imaging was
performed using a Philips Ingenia ElitionX 3-Tesla MRI scan-
ner, with sequential visualization of the hip joints in T1 turbo
spin echo and T2 STIR modes in the coronal, axial, and sagit-
tal planes.

In addition to visual interpretation of the data, osteoar-
thritis activity was assessed using a modified SCORING OF

Tom 12, N2 4, 2024
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HIP MRI FOR JIA scale adapted for children with LCPD [16].
This system was developed to analyze the inflammatory
substrate in JIA that affects the hip joint and provides a se-
quential numerical assessment of the severity of synovitis,
trabecular bone edema, erosive changes, and cartilage de-
formation. The modified scale for children with LCPD in-
cluded a sequential assessment of inflammatory changes
and femoral head involvement. Because true signs of JIA are
absent in LCPD, erosive components and cartilage deforma-
tion of the femoral head were excluded from the evaluation.

The degree of synovial membrane thickening and effusion
was determined to assess hip joint inflammation using
the SCORING OF HIP MRI FOR JIA scale. Measurements
were performed on T2 STIR images in the coronal plane
by two radiologists. MRI inflammation markers were graded
on a 0-3 scale: 0, no effusion or synovial membrane
thickening; 1, minimal effusion within the joint capsule;
2, moderate synovial fluid accumulation stretching the joint
capsule with synovial membrane reaction; and 3, significant
synovial fluid accumulation stretching the joint capsule
with synovial membrane proliferation (Fig. 2).

The severity of femoral head involvement was assessed
based on the necrotic lesion volume and intensity of tra-
becular edema in the adjacent bone tissue and scored as

Fig. 2. Magnetic resonance imaging: signs of varying severity of synovitis in the hip joint in children with LCPD. STIR mode images show (a)
minimal effusion within the joint capsule, (b, c) moderate synovial fluid accumulation stretching the joint capsule with synovial reaction,
and (d) significant synovial fluid accumulation stretching the joint capsule with synovial proliferation

D0I: https://dal.org/10.17816/ PTORS636471
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Fig. 3. Magnetic resonance imaging: signs of varying severity of femoral head lesions in children with the Legg—Calvé—Perthes disease.
STIR mode images show (a) necrotic lesion and trabecular edema occupying <33% of the epiphysis, (b) necrotic lesion and edema occupying
34%—66% of the epiphysis, (c, d) necrotic lesion and edema occupying 67%—100% of the epiphysis

follows: 0, no necrotic lesion or trabecular edema; 1, ne-  included the following parameters: standard inflammatory
crotic lesion and edema occupy <33% of the epiphysis;  markers, bone metabolism markers, serum levels of calpro-
2, necrotic lesion and edema occupy 34%—66% of the epiph-  tectin, vimentin, interleukin-6, and tumor necrosis factor-al-
ysis; and 3, necrotic lesion and edema occupy 67%—-100%  pha, and titers of antinuclear factor using the HEp-2 cell line
of the epiphysis (Fig. 3). The maximum total score was 6.  at the time of osteoarthritis diagnosis. In addition, all chil-
The osteoarthritis activity levels were classified as follows:  dren were screened for antiphospholipid syndrome and hy-
high activity, 5—6 points; moderate activity, 3-4 points; low  perhomocysteinemia.

activity, 2 points. Inactive stage: 0—1 point in the absence The study results were statistically processed using
of a necrotic lesion (Fig. 4). The laboratory evaluation standard software, including the Microsoft Excel package.

Fig. 4. Magnetic resonance imaging in the STIR mode: signs of the inactive stage of osteoarthritis in two children with left-sided Legg—
Calvé—Perthes disease after bisphosphonate therapy

D0I: https://dal.org/10.17816/ PTORS636471
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The comparative analysis of the empirical data were visually
presented in a tabulated form. Absolute quantitative data are
expressed as medians and interquartile ranges (Me [25; 75]).
Relative data are presented as percentages. All patient
representatives provided voluntary informed consent
for study participation.

Intensity, score
O—=NWkrOUIOo~N~N0 o

N
~—_
0 3 6 9 12 16
Months
Patient
—1 2 3 4 5
— 6 —17 8 9 10
" 12 13 14

Fig. 5. Changes in pain reduction (visual analog scale, 10-point
system) over time

o 4
g 3 \
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E’ 1 %\
e
-0
0 3 6 9 12 16
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— 1 —2 3 — 4 5
— b —17 — 8 9 — 10
11 12 13 14

Fig. 6. Pain reduction dynamics (Ritchie articular index for the hip
joint) (0, no tenderness during movement; 1 (mild pain), patient
reports discomfort; 2 (moderate pain), patient reports discomfort
and grimaces; 3 (severe pain), patient withdraws the limb)

A

Intensity, score
o = N W B~ o1 o~

0 3 6 9 12 16
Months
Patient
—1 —2 3 — 4 5
— b —7 —38 9 —10
11 12 13 14

Fig. 7. Changes in osteoarthritis activity in children with the Legg—
Calvé—Perthes disease during bisphosphonate therapy based
on the modified SCORING OF HIP MRI FOR JIA Scale (0-6)
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RESULTS

The effectiveness of BP therapy was evaluated
in 14 children. Participants’ age at disease onset ranged
from 5 to 11 (mean, 75 + 2.4) years. The average disease
duration before osteoarthritis diagnosis and initiation
of BP therapy was 14 [10; 22] months. The average follow-
up period was 16 [12; 18] months, with a maximum
duration of 24 months. Left hip joint ANFH was identified
in 71.4% of the cases.

An inactive stage of osteoarthritis with BP therapy was
achieved in 78.5% (11 children) after three consecutive
infusions and 21.5% (3 children) after four infusions. Adverse
reactions to transient post-infusion events, including
arthralgia, dorsalgia, and febrile episodes, were observed
in 87.5% (n = 12). These reactions occurred only after the first
infusion and within 24-72 h. No other complications were
reported. Pain relief was noted after the first infusion,
with most children reporting no pain in the affected joint
during active or passive movements by the third infusion
(Figs. 5 and 6).

Pretreatment radiographs of the hip joints showed that all
14 patients were at the compression fracture stage according
to Reinberg's classification. Femoral head deformation
was observed in all cases: grade | deformation (mild),
71.4% (n = 10); grade Il deformation (moderate), 28.6% (n = 4).
No cases of grade Il (severe) deformation were identified.
Posttreatment radiographs after four consecutive infusions
revealed the following stages: restoration stage, 71.4%
(n=10); fragmentation stage, 28.6% (n=4). Despite
the consistent use of abduction devices by all children,
femoral head deformation slightly worsened: grade I, 50%
(n=7); grade I, 28.6% (n = 4); grade Ill (severe), 21.4% (n = 3),
resulting in the subluxation of the affected joint. To stabilize
the hip joint, three children with grade Il underwent triple
pelvic osteotomy.

At study enrollment, MRI findings indicated the following
osteoarthritis activity levels based on the modified SCORING
OF HIP MRI FOR JIA scale: high activity of hip osteoarthritis
(5-6 points), 78.5%; moderate activity (4 points), 21.5%.
Changes in the osteoarthritis activity during BP therapy are
illustrated in Fig. 7.

At the time of osteoarthritis diagnosis, the inflammation
parameters (C-reactive protein, platelet count, and white
blood cell count) were within the reference ranges in all
children. Serum levels of proinflammatory cytokines were
also within normal limits. The mean erythrocyte sedimentation
rate was 9 [5; 171 mm/h (Table 1). The titers of the antinuclear
factor (ANF) determined in the assay using the HEp-2 cell
line were significantly increased in 3 (21.4%) patients.
No laboratory evidence of antiphospholipid syndrome
or hyperhomocysteinemia was identified. At osteoarthritis
diagnosis, 4 (28.5%) children showed 25-OH vitamin D

D0I: https://dal.org/10.17816/ PTORS636471



NEW TECHNOLOGIES

IN TRAUMA AND ORTHOPEDIC SURGERY Vol 12

(4) 2024

Pediatric Traumatology. Orthopaedics
and Reconstructive Surgery

Table 1. Laboratory profile of inflammatory markers in children with the Legg—Calvé—Perthes disease and active osteoarthritis before

and 6 months after bisphosphonate therapy

Parameter

Before bisphosphonate

6 months after
Normal range

therapy bisphosphonate therapy

Erythrocyte sedimentation rate (mm/h) 915; 171 713; 11] 0-15
C-reactive protein (mg/L) 0.62 [0.44; 0.99] 0.54 [0.32; 0.88] 0-5
Hemoglobin (g/L) 124 [112; 132] 122 [114; 130] 120-140
White blood cells (x10%/L) 6.415.2;8.2] 6.8 [5.6; 8.8] 4.5-95
Platelets (x10°/L) 332 [298; 345] 264 [206; 302] 180-410
Interleukin-6 (IL-6) (pg/mL) 3.6 [2.2; 4.4] 1.6 [0.7; 2.2] 0-7
Tumor necrosis factor-a (pg/mL) 0.65[0.2; 0.85] 0.65[0.2; 0.85] 0-7
Serum vimentin (pg/mL) 0.85 [0.4; 1.25] 0.85 [0.4; 1.25] 0-7
Serum calprotectin (ug/mL) 1.25 [0.75; 2.45] 1.25 [0.75; 2.45] 0-2.9
Antinuclear factor =1/160 (%) 9 (64.3%) - <1/160
Antinuclear factor =1/640 (%) 3 (21.5%) - <1/160

deficiency. After 6 months of BP therapy, the percentage  ng/mL

increased to 7 (50%) children) (Fig. 8). By the end of therapy, 23 B

only 3 (21.4%) children had persistent laboratory signs of 25-0H 2

vitamin D deficiency. Among the bone metabolism markers, 45 _

C-terminal telopeptide levels were high in 11 (78.5%) children
during the active osteoarthritis phase with necrotic lesions.
Most normalized within 6 months of BP therapy (Tables 2
and 3). The N-terminal propeptide levels required ongoing
monitoring. By the end of BP therapy, N-terminal propeptide
levels normalized in all children. No changes were observed
in the alkaline phosphatase activity and electrolyte balance
during BP therapy (Fig. 9). Other bone metabolism markers

—_—

30
25
20 : I

25(0H) vitamin D levels 25(0H) vitamin D levels
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Fig. 8. Serum 25(0H) vitamin D levels in children with the Legg—
Calvé—Perthes disease and osteoarthritis before and 6 months after
bisphosphonate therapy

Table 2. Serum C-terminal telopeptide levels in children with the Legg—Calvé—Perthes disease and osteoarthritis before and 6 months after

bisphosphonate therapy (ng/mL)

Patient Age, years Before l:irfgrl;:zphonate bispr?o?p%r:::t:fttﬁ;rapy Normal range*
1 8 1.74 (T) 1.78 (N) 1.55-1.73
2 7 2.22 (1) 1.88 (N) 1.55-1.73
3 9 2.42 (1) 1.90 (N) 1.63-1.94
4 (il 1.94 (1) 1.84 (N) 1.01-1.81
5 12 2.26 (1) 1.35(N) 1.01-1.81
6 1.64 (N) 1.62 (N) 1.63-1.94
7 9 1.96 (1) 1.88 (N) 1.63-1.94
8 1.84 (N) 1.84 (N) 1.63-1.94
9 12 1.53 (N) 1.64 (N) 1.01-1.81
10 8 1.82 (1) 1.71 (N) 1.55-1.73
1 10 212 (1) 2.02 (1) 1.63-1.94
12 6 1.96 (1) 1.44 (N) 1.55-1.73
13 10 1.98 (1) 1.54 (N) 1.63-1.94
14 (il 2.66 (1) 1.64 (N) 1.63-1.94

*The reference values are based on data from the clinical diagnostic laboratory of the H. Turner National Medical Research Center for Children’s

Orthopedics and Trauma Surgery.
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Table 3. Serum N-terminal propeptide levels in children with aseptic necrosis of the femoral head and osteoarthritis before and 6 months

after bisphosphonate therapy (ng/mL)

Pati Before bisphosphonate 6 months "
atient Age, years therapy after bisphosphonate Normal range
therapy

1 8 556 (1) 514 (1) 584-738
2 7 654 (N) 628 (N) 584-738
3 9 517 (N) 586 (N) 388-571
4 n 537 (N) 465 (N) 207-597
5 12 467 (T) 424 (1) 109-267
6 381 (V) 612 (1) 670-1042
7 458 () 726 (N) 670-1042
8 428 (N) 480 (N) 388-571
9 12 440 (N) 612 (N) 207-597
10 8 560 (V) 580 (V) 670-1042
n 10 456 (1) 634 (1) 737-1103
12 6 602 (N) 536 (V) 584-738
13 10 870 (N) 900 (N) 737-1103
14 n 278 (1) 415 (1) 737-1103

*The reference values are based on data from the clinical diagnostic laboratory of the H. Turner National Medical Research Center for Children’s

Orthopedics and Trauma Surgery.

U/mL
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activity before bisphosphonate
therapy

Serum alkaline phosphatase
activity 6 months after
bisphosphonate therapy

Fig. 9. Serum alkaline phosphatase activity in children
with the Legg-Calvé—Perthes disease and osteoarthritis before
and 6 months after bisphosphonate therapy

in children with LCPD before treatment initiation and after
a long period of BP therapy remained within the reference
ranges throughout the study.

DISCUSSION

The use of drug products that inhibit osteoclast
hyperactivity in children represents a novel approach
to LCPD with osteoarthritis symptoms. BP therapy in children
with LCPD appears promising and opens new opportunities
for disease management.

To date, no studies have evaluated the efficacy
of BP therapy in children with LCPD. Thus, this study
aimed to optimize conservative therapy for osteoarthritis
in children with LCPD. The treatment outcome analysis
conducted at the H. Turner National Medical Research Center
for Children’s Orthopedics and Trauma Surgery revealed that

LCPD with significant inflammatory processes at the early
stages was associated with increased necrotic lesion volume
in the epiphysis and characterized by a torpid course. Synovitis
often precluded timely surgical intervention, and without
adequate treatment, this disease variant inevitably led
to severe joint structure deformation and subluxation. The low
efficacy of NSAIDs necessitated alternative anti-inflammatory
agents. The therapeutic model was adapted from adult
treatment protocols for idiopathic ANFH and involved short-
term BP therapy [17]. Furthermore, this study was initiated
given the high efficacy of BP therapy in children suffering
from nonbacterial osteomyelitis, a condition characterized
by uncontrolled osteoclast hyperactivity that results in bone
tissue destruction [18]. Ibandronic acid was selected based
on promising experimental and clinical data demonstrating
its ability to restore the nanomechanical properties
of the anatomical structure of the femoral head following
ischemic osteonecrosis [19]. The dose, duration, and safety
monitoring complied with the clinical guidelines of the European
Society of Rheumatology for the treatment of nonbacterial
osteomyelitis in children (CARRA, 2017, 2019) [20].

CONCLUSION

The proposed BP therapy for children with LCPD
is advantageous because it not only reduces inflammation
and osteoclast activity but also prevents further progression
of femoral head deformation. Importantly, BP therapy
does not involve rheumatology specialists and can be
implemented in pediatric trauma and orthopedic departments.

D0I: https://dal.org/10.17816/ PTORS636471
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The preliminary results on the efficacy and safety
of the therapy highlight its potential in the comprehensive
treatment of children with LCPD and osteoarthritis. However,
given the small sample and short observation period, further
detailed investigations and analyses are necessary to confirm
the long-term effects of BP therapy.
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